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We report a study of the normal- and superconducting-state electronic properties of the centrosymmetric 
compound SrPt 3 P via 31 P nuclear-magnetic-resonance (NMR) and magnetometry investigations. Essential 
features such as a sharp drop of the Knight shift at T < T c and an exponential decrease of the NMR 
spin-lattice relaxation ratio 1 /(TjT) below T c are consistent with an s-wave electron pairing in SrPt 3 B 
although a direct confirmation in the form of a Hebel-Slichter-type peak is lacking. Normal-state NMR data 
at T < 50 K indicate conventional features of the conduction electrons, typical of simple metals such as 
lithium or silver. Our data are finally compared with available NMR results for the noncentrosymmetric 
superconductors LaPt 3 Si and CePt 3 Si, which adopt similar crystal structures. 

PACS numbers: 74.25.nj, 74.70.Dd, 74.25.Ha, 76.60.-k 


I. INTRODUCTION 

The continuing search for new superconductors has re¬ 
cently resulted in the identification of a new family of super¬ 
conducting phosphide compounds with the chemical com¬ 
position APt 3 P (A = Sr, Ca, or La) A These materials, whose 
superconductivity has been claimed to be driven by con¬ 
ventional electron-phonon interactions, adopt a distorted 
anti-perovskite structure, resembling the structure of sev¬ 
eral noncentrosymmetric superconductors, such as LaPt 3 Si 
or CePt 3 Si^ Contrary to the latter, however, SrPt 3 P exhibits 
an inversion center due to the staggered arrangement of 
Pt octahedra. Noncentrosymmetric superconductors, char¬ 
acterized by antisymmetric spin-orbit couplings, are cur¬ 
rently the subject of intense research^— Therefore, a com¬ 
parative study of their centrosymmetric counterparts is of 
particular interest. Indeed, the Sr-based compound of the 
new family, with a critical temperature T c = 8.4 K, has al¬ 
ready been investigated in some detail. The first study in¬ 
cluded measurements of the specific heat C(T) and Hall 
resistivity The specific-heat data were interpreted 

as indicating a strong electron-phonon coupling with a rel¬ 
atively large ratio 2 A 0 /k B T c ~ 5, and a fully-gapped excita¬ 
tion spectrum below T c with a zero-temperature gap value 
A 0 = 1.85 meV The nonlinear magnetic field dependence 
of Hall resistivity was attributed to the presence of multiple 
Fermi-surface pockets. Less details are known on LaPt 3 I) 
whose critical temperature T c ~ 1.5 Ki is distinctly lower 
than that of the Sr compound, the difference being most 
likely due to the different valencies of the cations. 

There exist several theoretical interpretations of the 
SrPt 3 P data, which differ in their conclusions. In Ref. 
the proximity to a dynamical charge-density wave insta¬ 
bility is claimed to favor the occurrence of superconduc¬ 
tivity in SrPt 3 P In another approach, based on a Migdal- 
Eliashberg-type analysis, it is argued that a conventional 
phonon-mediated superconductivity is observed^ Density- 
functional-theory calculations^ suggest that the onset of su¬ 
perconductivity is due to a strong coupling between the 
pd Tt -hybridized bands with low-energy phonon modes con¬ 
fined in the ab plane of the crystal lattice. The 2D character 
of these modes seems essential to preserve the antipolar 
arrangement of the distorted Pt octahedra in SrPt 3 P thus 
enhancing both the electron-phonon coupling constant A ep 
and, consequently, the critical temperature T c . 

The only experimental investigation at a microscopic 


level cited in the literature focused on muon-spin rotation 
(pSR) measurements^ The established temperature de¬ 
pendence of the penetration depth in the form of A _2 (T) 
again indicated a single gap with a value of A 0 = 1.55 meV 
However, an upward curvature of the upper critical field 
H c2 (r) just below T c was interpreted as reflecting two-band 
superconducivity with equal gaps but differing values of the 
coherence lengths. 

In this work we report on the microscopic physical prop¬ 
erties of SrPt 3 P investigated by means of nuclear mag¬ 
netic resonance : 11 ' 12 The measurements described below 
are based on 31 P NMR, and probe both static (line widths 
and -shifts), as well as dynamic (spin-lattice relaxation) 
properties of the material. Overall the data indicate that 
SrPt 3 P is a rather simple metal and that the pairing con¬ 
figuration is most likely of spherically-symmetric (s-wave) 
character. A comparison with the noncentrosymmetric su¬ 
perconductors LaPt 3 Si and CePt 3 Si is intended to clarify the 
peculiarities of the latter. The lack of inversion symmetry 
of the crystal lattice may partly account for the much lower 
T c of LaPt 3 Si, while the rare-earth cations seem responsible 
for the unusual electronic properties of CePtoSi^ 

II. EXPERIMENTAL DETAILS 

Polycrystalline samples of SrPt 3 P were synthesized under 
conditions of high pressure and high temperature. High- 
purity (99.99%) coarse powders of Sr, Pt, and P were mixed 
in the stoichiometric 1:3:1 ratio, then thoroughly ground, 
and finally enclosed in a boron-nitride container. To avoid 
a possible degradation of the material due to air exposure, 
all the preparatory steps were done in a glovebox under ar¬ 
gon atmosphere. For the heat treatment, the BN crucible 
was placed into a pyrophyllite cube containing a graphite 
heater. An external pressure of 2 GPa was applied at room 
temperature and kept constant during the two-hour ramp¬ 
ing up of the temperature to 1050°C. The final temperature 
was kept constant for 40 hours and then lowered back to 
room temperature within approximately one hour. After 
releasing the pressure, the polycrystalline samples were ex¬ 
tracted and kept in closed capsules filled with Ar gas during 
the corresponding experiments. Subsequently-recorded x- 
ray powder diffraction patterns agreed with those reported 
in Ref. [L Measurements of the low-temperature magne¬ 
tization revealed the onset of a diamagnetic response at 



Fig. 1 (Color online) Temperature dependence of the zero field- 
cooled (ZFC) and field-cooled (FC) dc magnetization measured 
at n 0 H = 0.2 mT. The sample shows a sizeable diamagnetic re¬ 
sponse with T c = 8.5 K. Inset: structure of SrPt 3 P showing the Pt 6 
octahedra (adapted from Ref. 13 ). The asymmetric positions of the 
apical Pt(II) ions give rise to alternating electric polarization vec¬ 
tors (blue arrows), hence preserving the centrosymmetric nature 
of SrPt 3 P 


T c = 8.5 K, again in good agreement with the originally 
reported valued The relevant magnetic susceptibility data 
x(T) are shown in Fig. |T] where, at low temperatures, we 
observe a significant diamagnetic response, typical for the 
onset of superconductivity. 7 

Although all the constituent elements of SrPt 3 P feature 
NMR-active nuclei, the 31 P nucleus is clearly the best choice 
with respect to isotopic abundance (100%) and gyromag- 
netic ratio (y/27t = 17.2356 MHz/T). In addition, the 
1 = | nuclear spin of 31 P helps avoiding complications due 
to quadrupole effects. In order to probe an adequate re¬ 
gion of the superconducting part of the H-T phase diagram 
above 1.6 K (i.e., accessible with a 4 He flow cryostat), the 
external field for the NMR studies was set to /r 0 H ext = 2 
T, corresponding to a critical temperature of approximately 
5K (see, e.g., Fig. 1 in Ref.fioh. Analogous measurements 
probing the normal state in the same temperature regime 
were made in a field of n 0 H ext = 7 T, which exceeds the 
zero-temperature upper critical field H c 2 (0) ~ 5.5 and, 
for monitoring the superconducting transition, in a 0.6-T 
field across a restricted temperature range around the rele¬ 
vant T c . 

In order to achieve an acceptable signal-to-noise (S/N) 
ratio, the sample was powdered to a grain size of the or¬ 
der of 10/rm and kept in the form of a loose powder, 
hence reducing the electrical contact between the grains. 
NMR measurements at the above-mentioned external mag¬ 
netic fields were made at different temperatures between 
1.6 and 300 K by employing a conventional phase-coherent 
spectrometer. The 31 P spectra were obtained by fast Fourier 
transformation (FFT) of the spin-echo signals generated 
by 7t/2 — n rf pulses with a 200-/rs delay between pulses 
(the measured transverse relaxation time is T 2 of ca. 500 
Ijls ). Since the employed “hard” rf pulses (t„/ 2 ~ 2.2 /rs) 
excite non-selectively the entire resonance line, no differ¬ 
ence between fixed- and swept-frequency lineshapes was 
observed. The nuclear spin-lattice relaxation times T 1 were 
measured at the peak position of each NMR line by means 
of the inversion-recovery method, using spin-echo detec¬ 
tion at variable delays. The magnetic field was calibrated 



Fig. 2 (Color online) Representative 31 P NMR line shapes in SrPt 3 P 
at /x 0 H = 2.0 T and temperatures in the range 1.75 to 290 K. The 
enhanced line widths and asymmetry below 5 K reflect the onset 
of the superconducting phase. 

via 27 A1 NMR of elemental aluminum, whose gyromagnetic 
ratio and Knight shift are known to high precision. This 
data was subsequently used to calculate the 31 P NMR shifts. 

III. EXPERIMENTAL RESULTS AND ANALYSIS 
A. NMR line shapes and shifts 

In Fig. [2] we show the evolution of the 31 P lines with 
varying temperature at p 0 H = 2.0 T, both above and below 
T c . Similar results with respect to the line widths and -shifts 
were obtained for n 0 H = 7.0 T (see Fig. [5]). 

We focus first on the normal phase. As can be seen in 
Fig. [3] the line width, of the order of 7 kHz at room tem¬ 
perature, increases gradually by approximately 50% down 
to ca. 12 K and subsequently it stays constant between 12 K 
and T c . As for the line shifts in the normal phase, a mod¬ 
erate increase upon lowering the temperature is observed. 
This increase is mostly linear down to approximately 50 K, 
below which the line shift remains constant down to T c (see 
inset of Fig. [Sj. The constancy of the shift above the super¬ 
conducting transition is a feature often observed in simple 
metals with an only weakly-varying electronic susceptibil¬ 
ity jp(T). The relative shift, of the order of 0.12%, is close 
to that observed in simple metals such as Ag and Na and 
is the same for the 2- and 7-T external fields, respectively 
(see Fig. [8]). The line widths measured in a field of 7T, in¬ 
stead, are approximately twice as large as those recorded at 
j). {) H = 21, which, in turn, are three times larger than those 
at 0.6 T. Thus the linewidth scales almost linearly with the 
applied field. 

The most interesting results are obtained below T c , 
where the inhomogeneous field distribution in the mixed 
state of a type-II superconductor significantly broadens the 
NMR line. Fig.[3]shows the steep increase of the line width, 
from 10 to ca. 18 kHz, between T c and 3.5 K (and from 
3.2 to 8kHz at 0.6T - data not shown). Upon a further 
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reduction of 7, the width remains constant down to the 
lowest reached temperatures. At the same time the 31 P 
Knight shift exhibits a sudden decrease below T c , a strong 
indication of spin-singlet superconductivity, since the pair¬ 
ing of electrons with opposite spins occurring in type s- (or 
d- wave) superconductors implies a significant decrease of 
the local spin susceptibility, as detected by the probe nuclei. 
Of the two possibilities, the experimental data rule out the 
occurrence of a d-wave SC pairing, since in that case, the 
drop of the Knight shift would be less abrupt and the line 
broadening would reach its asymptotic T = OK value only 
gradually^ From these static NMR results, an s-type pair¬ 
ing seems to be the most plausible configuration adopted 
by electrons in the superconducting state of SrPt 3 P 
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Fig. 3 (Color online) 31 P NMR shift (left scale) and linewidth 
(right scale) vs. temperature, as measured at an applied field of 
2 T. The drop in shift and the increase in width below T c are fol¬ 
lowed by a constant behavior at intermediate temperatures and 
by a final decrease at higher T (see text for details). The increase 
of data scattering below T c reflects the decreased S/N ratio in the 
superconducting phase. 


B. NMR relaxation rates and nature of superconductivity 

The conclusion about the s-wave pairing configuration 
is also supported by the 31 P spin-lattice 1/7, relaxation- 
rate data displayed in Fig. [5] The 1/(7, 7) vs. 7 plot ex¬ 
hibits what is considered to be a typical signature of con¬ 
ventional BCS superconductivity, an exponential decrease 
with decreasing 7 well within the superconducting phase, 
but no clear indication of a Hebel-Slichter-type coherence 
peak, which is masked by a distinct increase of 1/(T 1 T) in 
a narrow regime just above T c . 

The spin-lattice relaxation times T a were evaluated from 
magnetization-recovery curves such as those shown in 
Fig. El The nuclear magnetization data M z (t) were fitted 
by using the single-exponential equation valid for spin-1/2 
nuclei: 


M 2 (t) = M°[l-/exp(- t/T^f] . (1) 

Here M° represents the saturation value of magnetization 
at thermal equilibrium, / is the inversion factor (exactly 
2 for a complete inversion), and /3 is a stretching expo¬ 
nent which accounts for possible distributions of relaxation 
rates jiS Except at the lowest temperatures, the /3 values 
were always found to be close to 1, with no difference in 


fit quality whether /3 was fixed or set free. Considering the 
purely magnetic relaxation of I = 1/2 nuclear probes, this 
implies the same local environment for all the 31 P nuclei, 
i.e., disorder of either structural or magnetic nature is in¬ 
significant in our case. 

Up to 7* = 45 K, the normal-state spin-lattice relaxation 
rate varies approximately linearly with temperature (see in¬ 
set in Fig. [5]), as is usually observed in conventional simple 
metals. The progressive deviation from the linear-in-T be¬ 
havior above T* reflects a decrease in the dynamical spin 
susceptibility, as discussed in Sec. lIIICI and lHIDI 

Focusing back on the superconducting state, just below 
T c we do not observe a distinct Hebel-Slichter (coherence) 
peak, but only a cusp-like feature peaking at T c . Anal¬ 
ogous data taken in a 0.6-T field showed essentially the 
same type of feature in the vicinity of T c . We recall that 
the Hebel-Slichter anomaly is due to pair coherence and to 
a quasiparticle density-of-states anomaly at the gap edge 
and is more pronounced at lower fields, where the pair¬ 
breaking effect of the field is less important,— Both these 
effects can be weakened by different causes, including in¬ 
teraction anisotropies and the broadening of the quasipar¬ 
ticle states due to strong-coupling effects. Indeed, while 
weakly-coupled conventional s-wave superconductors, typi¬ 
cally exhibit a Hebel-Slichter peak, this is not the case in the 
strong-coupling limit, where the enhanced electron-phonon 
coupling implies reduced quasiparticle lifetimes^ 

Since the lack of a coherence peak cannot rule out the 
possibility of an s-type electron pairing,— further analysis 
is required. The temperature dependence of T 1 at 7 < T c 
can provide information about the symmetry of the super¬ 
conducting gap. In case of an anisotropic gap with nodes, 
a power-law dependence, l/T) ~ T n , is expected since 
very low-energy electronic excitations around gap nodes 
can still contribute to relaxation. On the other hand, for 
standard fully-gapped superconductors with no or a weak 
gap anisotropy, the relaxation rate depends exponentially 
on temperature, 1/T 1 ~ exp(— A 0 /T), with A 0 the super¬ 
conducting gap at T = 0. In either case, non-negligible 
1 /(TjT) residual values may be observed at the lowest 
temperatures. 7 Most likely these are due to the presence 
of vortex-core or of thermally-excited vortex-motion relax¬ 
ation mechanisms , 17 ' 18 which can be accounted for by an 
additional constant term. While both models provide rea- 



Fig. 4 (Color online) 31 P NMR spin-lattice relaxation data of 
SrPt 3 P at selected temperatures measured at 2T. All fit curves ex¬ 
hibit a simple exponential (/) = 1) recovery of the magnetization 
(see text). 
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Fig. 6 (Color online) Korringa relation [reported in S 0 units, see 
Eq. ©] shows only a weak temperature dependence, with no 
distinct features at T* = 45 K (see also Fig. [7]). 


Fig. 5 (Color online) Temperature dependence of (TjT) -1 mea¬ 
sured in a magnetic field of 2 T. A similar cusp-like feature at T c 
is seen also at 0.6 T. The decrease below the maximum occurring 
at T c is compatible with a fully-gapped superconductor (see text). 
Inset: (T^T) -1 data over the full temperature range show a broad 
maximum at T* = 45 K (see also Fig. [7}. 

sonable fits to the data, the power-law expression shows 
a somehow poorer fit quality and, most importantly, the 
resulting exponent varies significantly (from 3.6 for the 2- 
T dataset to 2.7 for the data collected at 0.6 T). On the 
other hand, as shown in Fig. [5j an exponential curve with 
A 0 = 1.47(4) meV fits the SrPt 3 P relaxation data satisfacto¬ 
rily well. Also the data taken at 0.6 T can be consistently 
fitted with a similar gap value, A 0 = 1.51(4) me\£ thus pro¬ 
viding a good indication that the superconducting gap of 
SrPt 3 P is nodeless. The value of the gap parameter, al¬ 
though slightly modified by the presence of the constant 
term, is in fair agreement with the 1.55 meV value reported 
in Ref. OH but distinctly lower than A 0 = 1.85 meV re¬ 
ported in Ref. |l|. In any case, since the gap value from our 
analysis is clearly higher than 1.27 meV (the gap expected 
from the BCS formula 2A 0 = 3.52/c ri T (: ), it is compatible 
with a strong-coupling scenario. 

Besides the vortex-core relaxation mechanism men¬ 
tioned above, the almost constant value of 1/(1) T) 
well below T c might also reflect a certain degree of 
superconducting-gap anisotropy, but we consider this as a 
less likely possibility. 

C. Korringa relation and the degree of electronic correlation 

Some insight into the degree of electronic correlations in 
the normal state of a material can be gained by considering 
the so-called Korringa relation^ 

? Te ft 

7)7’7C 2 = S 0 , with S 0 = ^-—, (2) 

Here y e and y n are the electronic and the nuclear gyromag- 
netic ratios, respectively, while K s is the line shift due to 
the polarized conduction electrons. Eq. ([2]) reflects the fact 
that both the readily accessible experimental parameters, 
the Knight shift K s and the spin-lattice relaxation time 7), 
depend on the same electron-nucleus hyperfine interaction 
(assumed to be mostly of Fermi-contact character). How¬ 
ever, while for a simple (Fermi-gas) metal the parameter S 0 


is a constant (depending only on y n of the probe-nucleus), 
for real materials the generalized relation^ 7) T K 2 = aS 0 , 
with a a measure of the strength of the (Fermi-liquid) quasi¬ 
particle interactions,— is more appropriate. Since 1/(7) T) 
probes the dynamical susceptibility averaged over the Bril- 
louin zone, either FM or AFM spin correlations will enhance 
it, but only FM correlations can significantly enhance also 
the shift. Thus, a > 1 (< 1) indicates the presence of ferro- 
(antiferro-)magnetic electronic correlations. 

From the almost constant value of S 0 /(7) T K 2 ) vs. T (see 
inset in Fig. [5j and considering the negligible orbital shift 
contribution (see below), we find 1/a ^ 0.55 and, hence, 
a = 1.8 in our case. The resulting value, slightly larger than 
unity, seems to suggest the presence of ferromagnetic corre¬ 
lations in the normal state. However, the ratio 1/a ^ 0.55 
is similar to 0.58, 053, and 0.50 observed in typical metals 
such as lithium, cesium, and silver, respectively^ In these 
nearly-free-electron metals the Moriya theory of exchange 
enhancement, whereby the exchange fluctuations also en¬ 
hance the rate of the 7) process,^*^ explains the experi¬ 
mental data satisfactorily. Consequently, we conclude that 
also in SrPt 3 P the conduction electrons experience rather 
weak correlation effects, in good agreement with the re¬ 
sults reported in Ref. ll 

D. Magnetic susceptibility and NMR 

The magnetization M(T) was measured in an applied 
magnetic field of 2 T in specimens from the same batch as 
that used for NMR experiments. The resulting values of 
the susceptibility, % = M /H, for temperatures above 10 K 
are shown in the main panel of Fig. [7] The measured net 
susceptibility seems unusually small for a metal, because 
the contribution from the conduction electrons is almost 
exactly canceled by the large core diamagnetism mainly 
from Pt (1.18 x 10 _4 emu/mol per formula unit, accord¬ 
ing to standard tables). This compensation effect makes it 
possible to measure even subtle variations of the electronic 
contribution with T. 

In order to relate j(T) with the NMR data, the relative 
31 P NMR shifts in the two chosen magnetic fields (2 and 
7 T, respectively) are shown in Fig. [8j As expected for sim¬ 
ple metals, the shifts are independent of the applied field 
and hence coincide perfectly. Below T c the high-field (7-T) 
data reflect the normal phase: both the line shift and width 
remain practically constant upon decreasing temperature. 
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Fig. 7 (Color online) Temperature dependence of the SrPt 3 P molar 
magnetic susceptibility % mol in an applied field of 2 T. Data were 
corrected by the addition of 1.18 x 10 -4 emu/mol to account for 
the core diamagnetism (see text). Inset: 31 P Clogston-Jaccarino 
( K-%) plot at p 0 H = 2 T. The line is a fit to the T > 50 K data. 



Fig. 8 (Color online) Comparison of 31 P NMR line shifts vs. temper¬ 
ature at 2 (circles) and 7 T (squares) on logarithmic (main panel) 
and on linear scale (inset). The nature of the shift changes from 
constant to linearly decreasing at 45 K (arrows). The dashed lines 
highlight both regimes and serve as guides to the eye. 


From the data (shown in Fig. [7J) and the NMR shifts 
(see inset of Fig. [8]), one recognizes immediately very sim¬ 
ilar features. In either case, a practically linear increase 
upon lowering the temperature, from 300 K down to ca. 
T* = 45 K, is followed by a T -independent part. This clear 
break in the temperature dependence of both K S (T) and 
X(T) coincides with a maximum of the Hall constant R H re¬ 
ported in Ref.Q]. The reason for this might be that the trend 
to R h = — 1 /ne starts to dominate the R H > 0 contribution. 

Such a comparison of micro- (NMR) vs. macroscopic 
(magnetometry) results provides further information about 
the normal-state electronic properties of SrPt 3 P In our case, 
given the relative insensitivity to the applied field (see 
Fig. [HI), it makes sense to compare the NMR shifts with the 
susceptibility data, as shown in the Clogston-Jaccarino^ 
(or K-x') plot in the inset of Fig. [7] Here both data sets re¬ 
fer to the same (2-T) field, with the temperature as an im¬ 
plicit parameter. From the slope dK/dx of the K-x plot for 
T > 50 K, and by assuming a standard electronic g-factor 
of 2.0, the relation K = gA hf x + K 0lh gives the hyperfine 
coupling constant, A hf = 4.4T/,u B , while the zero intercept 
with the K-axis gives the orbital shift, K orb = —0.003%. 
The latter is perfectly compatible with known orbital-shift 


values for a light nucleus such as 31 R Clearly, the orbital 
shift is negligible in comparison with the dominant mag¬ 
netic shift. We recall that hyperfine coupling constants are 
known to be strongly material-dependent, so it is not un¬ 
usual that our value is an order of magnitude higher than, 
e.g., A hf ~ 0.2 T//x b found in another phosphorus-based 
compound, Pb 2 (V 0 )(P 0 4 ) 2 ! 2 i 


IV DISCUSSION 

Below we discuss in more detail some aspects of the re¬ 
sults presented in the previous sections. 

Line shapes. For all the applied magnetic fields the 
normal-state 31 P lines show a slight asymmetry, usually at¬ 
tributed to the crystallite surfaces or to minor impurities. 
However, the persistence of the line asymmetry even in 
samples of different quality, most likely indicates a (uni¬ 
axial) anisotropy of the hyperfine coupling tensor (whose 
study is beyond the scope of this work), which can be ob¬ 
served also in powdered samples^ The uniaxial nature of 
the HF tensor is to be expected, if the symmetry of the dis¬ 
torted Pt octahedra probed by the phosphorus nuclei is con¬ 
sidered (see structural unit in the inset of Fig. |T]). 

The line shapes, in either the normal or the supercon¬ 
ducting phase, indicate also the structural and chemical ho¬ 
mogeneity of the sample. An essentially single line with a 
relatively narrow width of only ~ 7 kHz (see Fig. [2]) is typ¬ 
ical of defect-free crystal structures, especially when con¬ 
sidering the random polycrystalline nature of the sample. 
Similarly, the line asymmetry observed below T c , again re¬ 
flects the high quality of the sample, since in a powdered 
superconductor with a significant degree of disorder the 
lines would appear symmetric. 

Residual shift. A key prediction of the BCS theory for 
superconductors with singlet s-wave pairing is the vanish¬ 
ing of the Knight shift for T<T t , reflecting the vanishing 
susceptibility due to the pairing of quasiparticles with an¬ 
tiparallel spins. Yet, even for elemental superconductors 
(as, e.g., Sn or Hg), a residual shift is observed even close 
to T = 0The presence of a significant orbital Knight shift 
and/or of spin-orbit scattering (known as Ferrell-Anderson 
effect) have been identified as responsible for its occur¬ 
rence. The SrPt 3 P case, however, is a bit more complex, 
since here 31 P is a low-Z nucleus which interacts with su¬ 
perconducting carriers arising mostly from in-plane pdn- 
hybridized states between Pt and P ions>2 Since orbital 
shifts are negligible for the light probe-nuclei, the pres¬ 
ence of a low-temperature nonzero Knight shift in SrPt 3 P is, 
therefore, most likely due to spin-orbit scattering effects. 

Core-polarization effects and T* anomaly. Another con¬ 
tribution to the nonvanishing shift at T = 0 can arise 
from core-polarization effects , 17 ’ 26 whereby the exchange 
interaction of localized core electrons with field-polarized 
conduction band electrons (partially of d character in our 
case), implies an additional nonzero contact interaction in 
the 31 P nuclei. The observation of large negative 195 Pt- 
NMR Knight shifts (data not shown) seems to confirm the 
presence of core-polarization effects in SrPt,R= While this 
contribution to the Knight shift would disappear entirely if 
purely d-band electrons were coupled into Cooper pairs, a 
residual shift would still arise considering the hybridized 
(i.e., not exclusively d) character of the conduction band 
quasiparticles. 


- 5 - 










The consequences of core-polarization effects are more 
important, however, in the normal state. The electronic 
contribution to the magnetic susceptibility of a d-type 
band is generally temperature dependent, thus implying a 
temperature-dependent Knight shift, as actually observed 
(for an ideal metal one would have expected a constant 
shift). While core-polarization effects might explain the 
similar T -dependence of K and^ s , the abrupt change in 
slope observed at T*, as well as the value of T* itself, re¬ 
main to be investigated. 

Weak electron correlation. Our NMR data of SrPt 3 I) indi¬ 
cate a fairly simple metallic behavior in the normal state, 
followed by standard BCS features in the superconduct¬ 
ing state. These results are in remarkable agreement with 
the transport and magnetometry measurements reported in 
Ref. [3 in two important aspects. Firstly, both NMR (via the 
Korringa product) and the macroscopic measurements (via 
the Sommerfeld-Wilson ratio 7 ) demonstrate the absence of 
significant electron correlations. Secondly, there is a distinct 
feature at T* = 45 K in the 31 P Knight shift and in the 
l/fTjT) relaxation behavior, respectively, both of which 
change from a constant-in-T to a linear-in-T decrease as 
the temperature changes across T*. This temperature co¬ 
incides with the above-mentioned maximum in R H (T), the 
latter reflecting anisotropies of the electron mean free path 
across different parts of the Fermi surface. The latter fact 
is consistent with conclusions drawn in Ref. 53 The coin¬ 
cidence of T* values, derived from results of very different 
types of experiments, is unclear at present. 

As for the Korringa relation, we recall that the absolute 
value of a might also be influenced by extraneous factors, 
such as the presence of strong disorder^ or effects related 
to the hyperfine form factor (i.e., q-space filtering). Nev¬ 
ertheless, as mentioned above, these can be excluded in 
our case and the observation of a constant Korringa ratio 
vs. temperature represents a valid proof of Fermi-liquid be¬ 
havior in SrPt 3 I? where 1 /a ~ 0.55 is constant over a fairly 
wide temperature range. 

Centro- vs. noncentro-symmetric superconductors. We con¬ 
clude with a comparison of SrPt 3 P with two noncentrosym- 
metric superconductors, the non-magnetic LaPt 3 Si (T c = 
0.6 K) and the magnetic CePt 3 Si (T c = 0.75 K), both of 
which were studied via NMR, as well4— The latter not 
only share the same structure, but show also similar an¬ 
tisymmetric spin-orbit couplings. Hence, a comparison of 
the three is relevant to understand whether it is the lack 
of inversion symmetry, or the presence of rare-earth ions to 
account for the unusual properties of noncentrosymmetric 
superconductors. 

While SrPt 3 P and LaPt 3 Si both follow a perfect Korringa 
law down to T c , in CePt 3 Si the l/(TjT) ratio is enhanced 


upon cooling due to the development of 4/-derived mag¬ 
netic fluctuations. Most importantly, unlike in SrPt 3 P and 
LaPt 3 Si, where the superconducting transition is of con¬ 
ventional type and not dominated by correlation effects, 
in CePt 3 Si, the superconductivity emerges from a unique 
heavy-electron state which coexists with antiferromagnetic 
order. 

From these facts, we conclude that the key differences 
between the considered centra- and non-centrosymmetric 
superconductors, are most likely related to the presence 
of Ce 3+ ions and the ensuing heavy-fermion phenomena, 
while the parity mixing alone (common to both LaPt 3 Si 
and CePt 3 Si) cannot explain the peculiar behavior of the 
latter. Despite the many similarities between SrPt 3 P and 
LaPt 3 Si, their belonging to different classes of crystal sym¬ 
metry may possibly explain their distinctly different critical 
temperatures. Incidentally, from the available data in lit¬ 
erature, also the centrosymmetric LaPt 3 P compound seems 
most likely to be a conventional BCS type-I superconductor. 

V CONCLUSIONS 

We presented the results of 31 P NMR measurements in 
the recently discovered SrPt 3 P superconducting compound. 
In the normal state, the nuclear spin-relaxation rate obeys 
a Korringa-type relation (TjT)" 1 = 0.522 (sK) -1 and the 
line shift is independent of temperature. In the supercon¬ 
ducting state, the lack of a clear coherence peak in Tf just 
below T c , most likely due to a strong electron-phonon cou¬ 
pling, is followed by an exponential, thermally-activated 
decrease upon further cooling. A similar behavior is shown 
also by the line shift. The overall results of our NMR in¬ 
vestigation make us conclude that SrPt :! P which behaves as 
a standard metal in the normal state, is characterized by 
singlet pairing of the electrons, and a gap function with 
conventional s-wave-type symmetry. 

Finally, a comparison with the analogous non¬ 
centrosymmetric superconductors LaPt 3 Si and CePt 3 Si, 
strongly suggests that the peculiarities of the latter are 
closely related to the presence of rare-earth cations. The 
lack of inversion symmetry may cause a much lower T c , 
however. 
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